The purpose of this study was to compare the epidemiology of musculoskeletal injuries and workplace ergonomics among rural-based sonographers compared to urban-based sonographers. The authors also tested the use of a biomechanical software program to assess load on the spine and upper extremity joints. A mail-in survey was sent to all practicing sonographers in rural Manitoba, and on-site video-taped ergonomic and biomechanical evaluations were completed for four sites. Rural-based sonographers appear to have greater work stress related to waiting lists, use of outdated and non-adjustable equipment, and high client load. They also do not advocate for better working conditions because they are few in number and geographically distant from one another. Use of the biomechanical software proved minimally useful. Information related to industry standards and greater collaboration is needed to promote workplace health for sonographers.
P revalence of musculoskeletal injuries among Canadian sonographers was estimated to be 80% to 90% of the number surveyed by the Canadian Society of Diagnostic Medical Sonographers (CSDMS) & Healthcare Benefit Trust (HBT) (1999) . The Manitoba Workers' Compensation Board (WCB) reported that direct costs for disability among ultrasound sonographers rose from $4,839 in 1996 to $120,038 in 2002 (Canadian dollars) (Manitoba WCB, 2002) . These costs were associated with injuries among the less than 3% of the total sonographer work force who completed injury claims for WCB in Manitoba in a given year. A recent survey within the Winnipeg Regional Health Authority in Manitoba indicated that 91% (n =61) of sonographers experienced work-related symptoms (Muir, Hrynkow, Chase, & Boyce, 2002) . Managers of sonographer worksites expressed concern that musculoskeletal disability was a significant adverse event affecting staff (Muir et a!., 2002) . The majority of sonographers did not report injuries to the WCB or take time away from work; instead they continued working with pain (Muir et a!., 2002) .
Occupational health nurses are frequently the frontline health professionals contacted when workers sustain an injury at the workplace or experience difficulty working because of recurring pain or injury (Manitoba Workplace Safety and Health Act, 2002) . Occupational health nurses are also key in planning retum-to-work programs for sonographers and other employees who are absent from their jobs because of injury (Canadian Occupational Health Nurses Association, 2000) .
All sonographers working in rural Regional Health Authorities (RHAs) (i.e., outside the city of Winnipeg, in Manitoba) were contacted to participate in this study. The purpose of this study was to:
Sonographers may reduce their risk of injury by implementing injury prevention strategies, such as pausing frequently to stretch, positioning self in as near-toneutral posture as possible, and changing positions frequently. Hospitals should purchase updated equipment that is modular and adjustable, and more research and development must be conducted so manufacturers can design equipment that is modular, lightweight, and adjustable. Transducers need to be redesigned to be lightweight, adjust easily to the contour ofthe client's body, and operate byremote control (i.e., without the cable attachment). Hospital administrators should set policy for injury prevention practices, set limits on the number of scans per day, and ensure adequate coverage for vacation and sick leave.
• Document the epidemiology of musculoskeletal workplace injuries of ultrasound sonographers in rural Manitoba. • Determine the biomechanicalload on involved joints using ErgoWatch 4D Watbak software (Ergonomics and Safety Consulting Services, Waterloo, ON, Canada). • Evaluate the ergonomic design of sonographers' workstations.
BACKGROUND
Ultrasound sonographers are at increased risk of developing musculoskeletal disorders affecting the wrists (e.g., carpal tunnel syndrome, carpal instability, tendonitis), upper extremities, back, neck, and shoulders (Magnavita, Bevilacqua, Mirk, Fileni, & Castellino, 1999; Pike, Russo, Berkowitz, Baker, & Lessoway, 1997; Smith, Wolf, Xie, & Smith, 1997; Vanderpool, Friis, Smith, & Harms, 1993) . The frequency of scans and duration of each scan were reported to be contributing factors to repetitive strain injuries (e.g., 100 scans per month averaging longer than 25 minutes were associated with discomfort) (Jakes, 2001; Smith et al., 1997) . Murphy and Russo (2000) found that workers who scanned as little as 7 hours per day, 2 days per week developed work-related musculoskeletal disorders (WRMSD). McCulloch, Xie, and Adams (2002) reported that the prevalence of disabling discomfort among cardiac sonographers was similarly high (i.e., more than 80%) among groups performing fewer than five scans (30 minutes or longer) and those performing more than nine scans per day (30 minutes or longer). Workstation designs that resulted in awkward postures, twisting and bending the wrists while applying pressure, and outdated or non-adjustable equipment were also cited as factors contributing to injury (CSDMS & HBT, 1999) . The National Institute of Occupational Safety and Health (NIOSH) reported that sonographers generally reached too often, too far, and took too few rest breaks during scan examinations (Habes & Baron, 1999 
METHODOLOGY

Sample
All sonographers in 10 RHAs outside of Winnipeg (N = 20) were contacted and invited to participate in the study. Names and mailing addresses of sonographers were obtained from local ultrasound sonographers and by contacting the RHAs.
Instrumentation
Permission was obtained from the Winnipeg Regional Health Authority (WRHA) to adapt a survey previously used to document musculoskeletal injuries (Muir et al., 2002) . The mailed questionnaire consisted of 115 questions related to general health status, history of workrelated injury, perceived risks for injury, preferred equipment models, and overall work environment.
Four site visits were completed to videotape sonographers performing scans with simulated clients in a common work environment. The videotapes were analyzed using the ErgoWatch 4D-WatBak software and visual analysis to obtain joint angle measures for assessment of biomechanicalload and to evaluate the ergonomic design of work environments.
RESULTS
General Description
Twelve sonographers completed the survey (60% response rate). Most responding sonographers were women (67%); the average age was 40 years, and the average years experience in scanning was slightly more than 9 years. Although the sample was small (n = 12), it represented the majority of sonographers in rural Manitoba.
Work-Related Musculoskeletal Disorders
Most sonographers (n = 9; 75%) reported that musculoskeletal pain and discomfort sometimes interfered with their daily activities and work activities. A small number (n = 2; 18%) had taken time away from their jobs because of work injuries. Summaries of the symptoms experienced, interventions for pain and discomfort, and perceived risk factors are shown in Table 1 . Sonographers generally reported they were physically active and fit despite experiencing musculoskeletal pain.
Sonographers reported they experienced pain most frequently in the neck and shoulders. Although more than half the workers sought treatment by a health care professional (n = 6; 55%), and more than 30% (n =4) had initiated changes to their work practices or work environment, the problem remained unresolved for 64% (n =8) of workers.
All respondents were right hand dominant and used the right hand for scanning more than 75% of the time. They reported that the most painful or stressful work posture involved use of the transducer with downward pressure, firm grip, and flexed wrist combined with shoulder abduction and forearm pronation or supination.
Work Tasks and Work Environment
Sonographers reported performing a variety of scanning procedures, including scans for obstetrics, gynecology, the abdomen, small parts (e.g., thyroid), vascular system, and the endocardium. Scans were reported to average 20 to 30 minutes in length, and most sonographers performed 12 to 14 scans per day (Table 2) .
Sonographers identified a variety of factors contributing to increased risk of musculoskeletal injury and pain or discomfort. These included problems with outdated equipment that was not adjustable (e.g., stretchers, chairs, keyboards, monitors) and use of transducers that required a strong grasp and significant pressure (i.e., firm grip with downward force) on the body site. Scanning large or obese clients requires a longer reach and increased grip strength. Both of these actions can result in increased musculoskeletal strain. Scans requiring sustained and awkward postures, such as neck or throat and cardiac scans, were reported to be more physically stressful. Work environment issues, such as long waits for patients and performing several scans (i.e., more than 10 per day), also contributed to injury risk.
Work Stress
Most sonographers (n = 9; 75%) reported that long lists of clients waiting to access scans caused increased stress. Because scans were not performed on holidays or when the sonographer was sick, waiting times during these periods simply lengthened. Sonographers also reported that because they often knew the clients and their families personally, and their communities were small, they felt added pressure to accommodate individuals on the waiting list as quickly as possible.
Biomechanical Assessment
The biomechanical assessment of the sonographers' working postures and conditions was based on information obtained from video data during the onsite evaluations (Figure 1) . These data allowed measurement of joint angles and limb positions based on a single frame of videotape. Although it was not possible to measure the actual applied hand force on the transducer, it was possible to calculate the amount of joint torque per unit of applied force in a worst-case scenario by combining joint angle data with anthropometric data of limb segment lengths.
Sonographers demonstrated a wide range of joint angle positions during a scanning procedure. Trunk side flexion toward clients ranged from 5°to 10°, shoulder abduction from 10°to 60°, shoulder flexion from 30°to 40°, and elbow flexion from 30°to 110°. Based on the analysis, it was determined that the load moment was highest when shoulder abduction was greatest and elbow flexion was smallest (i.e., the longest moment arm about the shoulder as fulcrum). This load moment equaled .6 newton meters (N·m) of shoulder extension torque for every newton of applied downward force on the transducer. For example, if the transducer was being pressed against the skin of the client with a force of 2 pounds (9 N), the moment (torque) at the shoulder would be 5.4 Nrn. In a similar manner, the amount of shoulder flexion torque required to hold a typical 220 g transducer suspended over the client was 1.3 N·m.
The expected utility of the ErgoWatch 4D Watbak tool proved overly optimistic for multi-plane joint evaluation because the tool could not be applied to joints for load assessment except in the sagittal plane. The 3D ver- 
Equipment
More than half of the sonographers (n =7, 58%) preferred the Acuson-Sequoia™ system (Siemens Medical Solutions of Siemens AG, Malvern, PA) because it was easy to adjust and move. Participants felt this system was user friendly and ergonomically designed. Some (n =6, 50%) sonographers were using older equipment that was less adjustable, some (n =6, 50%) were using non-adjustable stretchers, and others (n =4,33%) were using nonadjustable chairs as well as non-adjustable stretchers. All sonographers agreed that adjustable equipment reduced the strain on their bodies compared to older equipment that was non-adjustable and more difficult to maneuver into place.
Sonographers'Solutions
Sonographers reported that long hours, few rest breaks, high client load, and non-adjustable equipment (e.g., monitor, stretcher, control panel) contributed to the risk of musculoskeletal injury. 
DISCUSSION
Limitations ofthe Study
The study sample and the population studied were small in number, and findings may not be generalizable to all rural sonographers in Canada. The rural versus urban concerns, such as the small number of sonographers, lack of vacation or sick relief, and old equipment-although they resonate with other rural-based health professionals (P. Soltys, personal communication, May 30, 2005)may differ from the concerns of rural sonographers in other areas of Canada.
Similarity with Findings ofPrevious Studies
Findings were compared with the literature and survey findings of urban sonographers conducted by the WRHA. Demographic descriptions were similar for rural-based sonographers within the RHAs and urbanbased sonographers within the WRHA who were primarily women (84%), and whose average work experience was 9.8 years (Muir et al., 2002) . The Canada-wide survey performed by CSDMS and HBT (1999) also reported a similar demographic for their respondents: 92% women with an average 10.1 years of work experience.
Musculoskeletal Pain and Discomfort
The high numbers of sonographers experiencing pain and discomfort related to job tasks is similar to findings among urban sonographers and study findings reported in recent literature (CSDMS & HBT, 1999; Muir et al., 2002; Murphy & Russo, 2000) . The finding that symptoms were ongoing after treatment suggests that intervention must continue beyond alleviating basic symptoms. Although changing personal work behaviors is an important aspect of preventing WRMSD, an urgent need also exists to provide a safe work environment by applying administrative controls and equipment adaptations (Habes & Baron, 2000; Murphey & Coffin, 2002a, b) .
Results of the biomechanical analysis indicated that sonographers could reduce stress on their shoulders by positioning themselves as close to clients as possible to reduce reach. The stress on the shoulder (of the dominant upper extremity) can be reduced if the elbow has some degree of flexion, which shortens the effective length of the moment arm for the shoulder. If positioning can allow the muscle action that presses the transducer against the client's skin to come from the operator's muscles that cross the elbow as opposed to those that cross the shoulder, the joint stresses also will decrease. This could be achieved by moving to the other side of the client, rather than reaching across, or by re-positioning the client. Further biomechanical study with advanced technology may produce measurements helpful in establishing a "best practice" workstation to reduce joint and muscle strain among sonographers.
Rural-Urban Concerns
Findings in relation to WRMSD and work environments among rural sonographers in Manitoba are similar to findings from other studies cited in the literature. Suggestions and recommendations for adjustment of work postures and equipment made by Murphy and Russo (2000) and Smith et al. (1997) are also applicable to this group of rural sonographers. Muir, Hrynkow, Chase, Boyce, and McLean (2005) developed "gold standards" for sonographers within the WRHA. These standards are similar to the solutions proposed by the rural sonographers participating in the study.
Sonographers in rural areas lack strong support networks because they are few in number and travel great distances between worksites. They do not have adequate resources or "political power" to effect changes in their work environments, such as advocating for an industry standard to reduce the number of scans performed per day. Greater cooperation and communication among all RHAs in Manitoba to implement injury prevention training and share information about equipment and environmental adaptations may address the need for effective lobbying. In addition, the application of guidelines developed by the WRHA (Muir et aI., 2005) , and industry standards published by The Society of Diagnostic Medical Sonography (2003) developed through a consensus conference, may strengthen the advocacy efforts of rural sonographers.
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CONCLUSIONS AND RECOMMENDATIONS
Multiple factors contribute to the incidence of WRMSD. Therefore, multicomponent interventions are needed, including changes in equipment design and adaptation, sonographers' work behaviors, and workload expectations. Occupational health nurses, injury prevention coordinators, and health and safety representatives may use prevention strategies similar to other industries to prevent injuries and encourage return to work among ultrasound sonographers. These strategies include encouraging individual workers to maintain their physical health and wellbeing, instituting administrative controls such as workload limits or managing waiting lists, and adapting equipment (e.g., purchasing modular and adjustable equipment). Muir et al. (2005) developed a number of guidelines for urban sonographers. These were supported by rural sonographers and consist of the following: • Injury prevention training and ergonomic intervention for appropriate work space and equipment planning is critical in reducing WRMSD. A trial program of early intervention for injury coupled with on-site injury prevention training and ergonomic interventions could be implemented with pre-and post-intervention comparison measures.
• Although some equipment is modular, adjustable, and lightweight, it is recommended that equipment design also emphasize remote controls and portable systems to facilitate ease of use and maximum adjustability. Sonography equipment redesign and manufacture is the preferred long-term solution to the problem of musculoskeletal injuries; however, employers could influence these injuries immediately by providing adjustable chairs and stretchers and adequate space for equipment, operator, and client. • Because of the rural isolation, workers have an increased need to advocate for themselves and their profession, as well as to collaborate with urban sonographers for more effective lobbying. Information on current best practices to prevent WRMSD, equipment adaptations, and creating a communication network among all sonographers may be useful in empowering individual sonographers to advocate for healthy work practice standards.
It is clear that responsibility for reducing injuries and disability related to ultrasound sonography requires communication and cooperation among multiple groups. Sonographers must learn and practice work behaviors that reduce their risk of injury. Managers need to implement effective administrative controls, such as scheduling and workload expectations, to reduce the risk of injury. Occupational health nurses and injury prevention coordinators must be aware of best practices for the prevention of WRMSD and early return-to-work programs. Employers must also invest in adjustable and modular equipment that is ergonomically sound and lightweight. Manufacturers must understand the need for ultrasound systems that improve the worker-equipment interface by controlling posture and decreasing upper extremity and spinal joint stress. The risk of occupational injury among sonographers is well-documented; researchers must now tum their attention to the development and testing of equipment to prevent work re-lated injuries, and interventions to treat injury symptoms immediately and prevent work-related disability.
